ABSTRACT Research comparing conventional litter and alternative perforated flooring (netting) systems is relatively limited under commercial production conditions. A comprehensive comparison of broiler production performances, welfare quality, and housing environment of two broiler houses with conventional litter and new perforated plastic floors was conducted over four flocks for eight months in eastern China. The two broiler houses each had 31,700 broilers per flock on average and were ventilated using a negative-pressure system. Prior to the onset of the monitoring, litter/manure in all houses was removed. The environmental conditions, gaseous concentrations, and ventilation rate were recorded continuously. Production performance and welfare quality data were collected weekly. Results showed that indoor temperature and relative humidity were not affected by the different floors when the two houses had the same ventilation configuration and management. The average ammonia concentration was lower at 10.44 ppm in the litter house compared to 15.02 ppm in the netting flooring house due to the manure accumulation under the floor. Broiler production performance including live weight, feed conversion, and mortality, was not affected by the netting floor compared to the litter system. In addition, the results suggested that birds raised in the netting floor house may increase breast blister incidence. In this study, the welfare quality parameters including hock and foot pad lesions, lameness, and fearfulness levels were similar in both for both flooring systems.
INTRODUCTION
The majority of broiler meat is produced using a system of bedding of different types and may re-use the litter for multiple flocks which is common in the United States. However, alternative systems, such as using suspended wire netting or raised perforated plastic flooring systems are in use in other parts of the world. In certain geographical regions, economic factors favor the production of broiler chickens on non-litter alternative flooring systems. In regions where new bedding materials must be imported (and is therefore expensive) alternative flooring reduces costs associated with purchasing bedding, removal, and disposal of litter. New perforated floor systems with plastic based materials have been developed, engineered, and widely used for broiler production to provide a nonabrasive, soft surface and are advertised as preventing breast blisters, folliculitis (inflammation of feather follicles), and leg C 2017 Poultry Science Association Inc. Received January 7, 2016. Accepted November 21, 2016. 1 Corresponding author: hli@udel.edu problems (Zhao et al., 2009) . However, few aspects of these alternative floor systems have been studied. Most of the research has been focusing on the production performance or welfare and there have been few studies done using a holistic approach to comprehensively assess the raised flooring system. It is imperative to collect baseline data concerning animal welfare, environmental conditions and impacts (both indoor environment and air emissions), and production performance of such systems and compare them with the contemporary litter floor system. Environmental conditions are important aspects to consider in assessment of animal welfare for housing systems. Limited information has been published regarding air quality at bird level within different housing systems. For example, ammonia (NH 3 ) is the major noxious gas associated with poultry operations. Elevated NH 3 concentrations has been found in laying hen houses with manure storage (high-rise house) which is similar to the netting flooring system with manure stored underneath over a prolonged period (Fabbria et al., 2007) . A different ventilation strategy may be needed for the netting floor system. It is important to identify and promote housing system(s) and management practices that lead to improved animal welfare, improved environment conducive to the health of the broilers and caretakers, optimum broiler production performance and health, environmental stewardship, efficient use of natural resources, and economic viability. This study systemically compared litter and netting flooring systems for broilers by comparing environmental conditions, production performances, and animal welfare during an 8-month period with four flocks of broilers covering different seasons.
MATERIALS AND METHODS
This project was conducted using two commercial broiler houses located in eastern China, each measuring 18 × 150 m (60 × 492 feet) with a housing capacity of approximately 31,700 straight run Cobb 500 broilers. Standard corn and soybean meal based feed was fed to the broilers following a multi-stage feeding program. Each house has 12, 1.32 m (52 in.) diameter exhaust fans at the tunnel end and four 0.9 m (36 inch) sidewall fans providing negative-pressure ventilation (Figure 1 ).
The houses featured open concrete floors: one house was operated with rice hulls bedding and total cleanout after every flock and the other house used engineered netting floor. In China, total cleanout and using new bedding was a standard commercial practice for disease control and prevention. The netting floor system consisted of posts, beams, and white polypropylene-based slatted floor. Each piece of perforate floor is measured 1.2 × 0.5 × 0.04 m (length × width × height) and was mounted on Polyvinyl Chloride (PVC) beams that were supported by height-adjustable PVC posts. The size of the opening on the floor was 20 × 20 mm and the netting floor height was 0.3 m above the concrete. The space underneath the netting floor can store manure over four flocks before a total cleanout. Each house had identical ventilation equipment with an environmental controller capable of cross ventilation with side vent box inlets to be used for young chicks and cold seasons, side vent box inlets in combination with 50% tunnel fans for young birds and tunnel ventilation with cooling pads for maximum ventilation during hot weather for fully feathered birds. Four full flocks of broilers were monitored and compared for this project over four seasons: May 11 to June 22 (spring), July 9 to August 19 (summer), and September 9 to October 21 (fall), November 20 to December 31, 2014 (winter). At the onset of the monitoring on May 11, 2014, a flock of broilers had been raised in the netting floor house and manure was not cleaned after that flock. Therefore after the third flock (fall), the manure in the netting floor house was fully cleaned between October 21 and November 20, 2014. The litter in the bedded house was fully removed after each flock and rice hull with 10 cm (4 inch) depth was used for the coming flocks.
Environmental Measurement
Two state-of-art portable monitoring units (PMUs) housing NH 3 and carbon dioxide (CO 2 ) sensors were used to continuously monitor air quality data from the two broiler houses (Figures 1 and 2) . A detailed description of the PMU can be found in Xin et al. (2002) . Briefly, an electro-chemical gas analyzer (Polytron 7000, Draeger, Springfield, VA) was used to measure NH 3 concentration; whereas an infrared (IR) CO 2 sensor (GMW220, Vaisala, Louisville, CO) was used to measure CO 2 concentrations. A controller was programed to control the air sampling cycle with 5-min sampling and 25-min purging, which took 30 min per sampling cycle for NH 3 and CO 2 measurements. One static pressure sensor was placed in the PMU to measure static pressure of each house. A data logger was used to record the readings from NH 3 , CO 2 , and static pressure sensors at 20-s intervals. Only the last minute average gas readings during the 5-min sampling period were used for the measured concentration value and used in the emission calculation. The gas sensors were checked with calibration gases (brooding and tunnel sections) in each house as well as from outside of one house to provide ambient background data. During the brooding and power ventilation period, the PMUs were placed in the brooding sections and the inside air sampling was 5 m (15 feet) away from the sidewall fan, S1. During the tunnel ventilation period, the PMUs were located at the tunnel end and the inside sampling port was located at the center of the tunnel end 5 m (15 feet) away from the end wall. All exhaust fans were monitored with current magnetic sensors and fan ON/OFF status was recorded with a four-channel data logger. Ventilation rates (VR) of the houses were measured using fan status, fan curves (airflow rate vs. static pressure), and static pressure. The fan curves were based on the manufacture curve and in situ calibration. The in situ calibration of the exhaust fans was conducted with a handheld anemometer with traverse measurement, from which an overall ventilation curve for each house was established (AMCA, 1990) . Summation of airflow from all the running fans during each monitoring cycle produced the overall house VR. Four temperature and relative humidity (Temp/RH) sensors were evenly distributed in each house at 30 cm height with 5-min sampling intervals to measure the thermal environment of the houses. There was also one temp/RH located outside between the two houses for ambient measurement.
Production Performance
The weekly data on broiler production performance for each of the monitored houses, including body weight, feed and water consumption, feed conversion ratio, and weekly bird mortality were collected. Weekly body weight was based on 50 randomly selected birds. Feed consumption was measured with feed bin load cells and water usage was measured by a water meter for each house. The weekly mortality rate was based on the collected daily mortalities.
Bird Welfare and Health Assessment
Welfare assessment protocols were developed for measuring animal-based parameters, engineering standards and management factors that impact quality of life for broilers. Birds on the litter and perforate floor were monitored weekly using a broiler welfare assessment protocol during the 6-week grow out (Table 1 ).
The broiler welfare assessment was based on the European Welfare Quality assessment protocol (Welfare Quality consortium, 2009). The Welfare Quality protocol uses physiological, health, and behavioral adaptations to assess bird quality of life, and the emphasis of animal-based measurements allows the tool to be used in a wide range of housing systems. Data were collected for eight welfare criteria based on four basic principles -good feeding, good housing, good health, and appropriate behavior. Thermoregulatory behavior (panting and huddling) and responses to human approach were quantified. Access to resources (feeders and drinkers) was calculated based on stocking density and space allocations. By tracking changes in the welfare assessment data over time, critical control points can be identified to aid interpretation of farm scores and to identify optimal stages in the production cycle when welfare assessment is particularly sensitive. Understanding of the effects of timing of inspection relative to stage of production provided important refinements to assessment protocols in terms of reliability of data and efficiency of labor.
Welfare assessment protocols were used for measuring animal-based parameters. Huddling and panting observations were done throughout the trial on a weekly basis starting from Week 1. Plumage cleanliness (feather soiling), hock burns, foot pad burns (dermatitis), and breast blisters (dermatitis) started at Week 3 while gait scoring and avoidance distance testing (touch testing) were done on Weeks 5 to 7. The observer teams of 2 to 3 people remained the same as much as possible and on any observation day, the observers were the same for both the litter based and the perforated floor houses. Observation sheets for recording the scores were used along with a laminated color picture reference of scoring charts.
Thermal Comfort
High temperatures can cause birds to pant. Panting for these observations is defined as breathing rapidly with beaks opened. This is a natural behavior but indicates the house temperature is above the temperature comfortable for broilers for long periods of time (too hot). When broilers are housed with temperatures too cool/cold for bird comfort (too cold), the birds huddle together (gather in tight groups). Groups of ≥100 were visually observed and the percentage of birds panting and/or huddling at 5 locations down the length of the house were estimated. This was done weekly between 19:00 to 20:00 from Week 1 to week 6 (Figure 3 ).
Avoidance Distance Test (ADT)
This touch test was used to try to determine the human-broiler relationship and the degree to which the broilers avoided humans. This is also referred to as the "touch test" because the idea is to see if you can get close enough to touch the birds. The observer approached a group of birds (≥3), squatted down for 10 seconds and then counted the number of birds at arm's length (∼1 m). Every attempt to approach a group of birds was considered as a trial, even if all birds from the group withdrew from the approaching or squatting observer. This procedure was repeated at least 12 times at different locations around the house to avoid testing the same birds. If no birds had been touched after 12 trials, observations were stopped; otherwise this test was repeated for a total of 21 tests.
Cleanliness and Lesion Scoring
To start this set of observation scoring, observer teams began by using a folding wire catch pen or similar device to enclose ≥25 birds. Then individual birds were picked up and observed for plumage cleanliness (feather soiling), hock, foot pad, and breast blister lesions (burns/dermatitis). This was repeated in four different locations down the length of the house. These lesions were score on a scale of 0 to 2. For plumage cleanliness, clean or no soiling of the feathers is equal to 0, mild soiling of the breast and legs is equal to 1 and severe soiling of the breast, legs, and wings is equal to 2. For the hock, foot pad, and breast lesions, no lesions is equal to 0, mild evidence of burn/lesion is equal to 1 and severe burns/lesions is equal to 2.
Gait Scoring
As a way to determine the level of lameness or walking ability in a broiler flock, gait scoring of the birds was used. This requires the observer team to use folding wire catch pens to enclose ≥25 birds. After each group was gathered, a space of approximately 3 m was cleared in front of the enclosed birds by expanding the catch pen. Then an opening in the catching pen was made to allow the birds to leave the pen. Then a handler gently encouraged individual birds to walk out of the pen in the direction of other birds outside the pen. This encouragement consisted of approaching the bird from behind, tapping the catch pen near the bird, or gently prodding the bird with a cane or foot. The broilers were gait scored as they left the catch pen. This was repeated four times at different locations down the length of the house. This gait scoring used a 3-point gait-scoring system to evaluate walking ability of broilers. Birds with no obvious impairment that could walk at least 1.5 m with a gait that was balanced, but might appear ungainly but had little effect on function, received a score of 0. If there was obvious impairment such that the bird could walk at least 1.5 m but with a clear limp or decidedly awkward gait received a score of 1. Bird that could not walk 1.5 m or may have to shuffle on shanks or hocks with assistance of wings, were considered severe impairment and scored 2.
Health Assessment
Assessing bird health was critical to correctly comparing these two flooring systems. Vaccine and antibiotic/drug/additives use was also collected. Vaccination and antibiotic use were the same for all monitored houses. To properly assess bird health, we planned that mortality in excess of 10 birds per 100 birds during the first week after bird placement and 3 birds per thousand after the first week should be submitted for diagnosis and corrective action. However, the mortality levels were low enough that no diagnostic services or treatment were required during the study.
Data Processing and Analysis
Daily mean temperature, RH, and VR were calculated using 20-s data; and daily mean gaseous concentrations and emissions were calculated using 30-min interval data. Daily emission rate (ER) was derived from hourly concentration averaging two 30-min concentration and average VR over the corresponding 1-hour by this equation:
where ER = emission rate, g/bird-d C inside = inside gas concentration, C outside = outside gas concentration, VR = ventilation rate, m 3 /h, W = gas molar weight, 17.03 and 44.1 g/mol for NH 3 and CO 2 , respectively, N = total number of birds, T inside = inside temperature,
• C, Score of each welfare assessment parameter was calculated with the following equation:
where n 1 = number of birds with score 1, n 2 = number of birds with score 2, N = total number of birds.
Statistical analysis was performed to compare flock average of environment parameters and weekly performance and animal welfare assessment parameters between the two flooring system over the four flocks (replicates). The measurement values of each parameter from each flock were repeated measures and t-test was performed to evaluate the flooring effect by using TTEST in Statistical Analysis System version 9.2 (SAS 9.2,SAS Institute Inc., Cary, NC). Table 2 shows the mean and standard deviation of VR, temperature, and RH over the four flocks. The flock average data were derived based on daily values and a paired Student t test was conducted to compare the two houses on VR, temperature, and relative humidity. The two houses had the same temperature set points and followed the same setup for fan stages during this study. The daily mean VRs are shown in Figure 4 . The mean VR varied between 1,627 to 382,889 m 3 /h (958 to 225,361 cfm), which covered winter minimum and summer maximum tunnel ventilations. Both houses followed the same pattern during the four seasons and there were no significant differences between them among the four seasons (P = 0.56). The average daily inside temperatures of the two houses varied from 17 to 34
RESULT AND DISCUSSION

Indoor Environment
• C during the four flock grow out period ( Figure 5 ). The mean temperatures of the two houses followed the same trend and changed with the set point and outside temperature. Figure 6 shows the average inside RH of the two houses during the four flock grow out period. The mean RH of the two houses also followed the same trend and changed with the outside temperature and RH. Based on the paired comparison between the two houses over each flock, there was no difference between the mean inside temperature of the two floor systems for each season (P = 0.83). The netting house had slightly lower RH (4%) than the litter house during the winter flock (P < 0.01), which may be caused by cleaner manure storage under the floor since there was a total manure cleanout prior to the winter flock. The 4% RH reduction in the netting house may benefit the birds during the winter flock when ventilation is on minimum setting and housing RH is usually kept at higher level since only temperature is controlled by ventilation system. The results show that there were no differences between the two houses over the four seasons on relative humidity (P = 0.06).
Air Quality and Emissions
The daily NH 3 and CO 2 concentrations were processed and are shown in Figures 7 and 8 , respectively. Over the four seasons, the litter floor house always had lower NH 3 concentration during the first four weeks of each flock (P < 0.01) due to the new bedding. The higher NH 3 concentration in the netting houses during the early stage was due to the cumulative manure under the floors from the previous flocks and high indoor temperature during the brooding period, which promotes NH 3 volatilization from the manure. The manure under the netting floor was cleaned after the fall flock (the fourth flock after previous total cleanout) and NH 3 concentrations during the first 7-day was lower than the other three flocks because the floor was clean and there were no NH 3 sources. Overall, there were seven days in that daily mean NH 3 concentrations that were higher than 25 ppm for the spring flock and three days for the fall flock when both houses were under minimum ventilation. Overall NH 3 concentration (10.44 ± 4.35 ppm) of the litter house was lower than that (15.02 ± 3.68 ppm) of the netting house (P < 0.001). The daily mean CO 2 concentrations of the two houses also changed with the similar trend and were not affected by the floors (P = 0.43). CO 2 concentration decreased with bird age and ventilation rate and were at the highest level at the beginning of each flock when propane heaters were used during the brooding period and ventilation was setup to minimum stage. Based on the paired comparison between the two houses over the three flocks with built-up manure, there were significant higher NH 3 concentrations in the netting houses when the manure was not fully cleaned (Table 3) .
NH 3 and CO 2 daily ERs of the two flooring systems are plotted in Figures 9 and 10. Not like NH 3 and CO 2 concentrations, NH 3 and CO 2 daily emission kept increasing during all flocks with bird age and VR. The mean NH 3 ER (0.81 ± 0.41 g/bird-d, mean ± SD) of the netting house was significantly higher than that (0.71 ± 0.32 g/bird-d) of the litter house (P < 0.01). The difference was primarily caused by the three flocks with accumulated manure in the netting house while new bedding was used in the litter house. The emission surface areas of the two houses were similar since the accumulated manure in the netting house was flat and the change of manure surface area was less than 3% compared to the litter house. Based on the daily NH 3 ER, the cumulative NH 3 emissions of the two houses over a 42-d grow out were 31.6 ± 16.1 and 27.9 ± 12.6 g/bird for the netting and litter houses, respectively. The mean daily NH 3 ERs of this study over the four flocks were higher than the ERs reported by Wheeler et al. (2006) with the same 42-d grow out with both new bedding and built-up litter. The higher emission could be due to different bedding materials (wood shavings vs. rice hulls) and feed nutrient compositions, and geological climate conditions (Wheeler et al., 2006) . The mean CO 2 daily ERs were 65 ± 21 and 68 ± 22 g/bird-d for the netting and litter houses, respectively. No significant difference on CO 2 ER was found between the two flooring system. The CO 2 emission from broiler houses could come from bird's respiration, heating devices, and fecal material degradation. Xin et al. (2009) reported that CO 2 ER of broiler litter could be up to 7% of CO 2 ER of a whole house. But the majority CO 2 emission of a broiler house was from bird's respiration and heating devices. The two houses had the same housing structure, temperature set points, VR, and corresponding heating cycles. Consequently, the CO 2 emissions from the litter in the litter house and stored manure in the netting house were at the same level. The presence of manure or litter in houses mainly contributes to high NH 3 concentration during grow out, especially at the beginning of a flock. Wheeler et al. (2006) showed that broiler houses with used litter had higher NH 3 concentration and emissions than houses with new bedding during the whole grow out cycle. The perforated floor system was similar to broiler houses with built-up litter and high-rise laying hen houses. High-rise laying hen houses with manure storage had much higher NH 3 concentration than in belt houses where manure was cleaned regularly (Liang et al, 2005) . Temperature and pH are the two most important variables that affect NH 3 release from broiler houses with litter and stored poultry manure (Elliot and Collins, 1982; Moore et al., 1995 Moore et al., , 1996 Li and Xin, 2010) . Litter acidifiers have been applied to broiler litter as best management practices to control pH and NH 3 volatilization (Moore et al., 2000) . Therefore, litter acidifiers should be considered to control high NH 3 at the beginning of the flocks during cold seasons with accumulated manure from previous flocks in the perforated floor houses. Otherwise, the minimum VR should be increased to control the NH 3 concentration below the recommended level during brooding period. The increasing minimum VR would increase heating expenses that could be offset by purchasing and utilizing litter acidifiers in netting houses.
Production Performances
The production performance parameters are summarized in Table 4 . The daily mortality, cumulative mortality, feed consumption, water consumption, and water/feed ratio of the four flocks were collected on a daily basis and the feed conversion ratio was estimated as the sum of the weekly feed consumption and weekly measured body weight. The daily mortality rates of the two houses over the four flocks followed similar trends except during the first week of the third (fall) flock when the netting houses had higher daily mortality rate (0.50 vs. 0.15%) during the first week. After the first week of the third flock, the daily mortality rates of the two houses were similar. During the fourth (winter) flock, the daily mortality rate (0.3%) of the third week in litter house was higher than that (0.08%) in the netting houses. The slightly higher mortality rate during the last two flocks seemed not to be caused by abnormal thermal or the air environment of either house. Since the mortality rate was in the normal operation range of the operation, no further diagnostic examinations were done during the study. Based on the paired comparison of the four flocks, there were no differences between the cumulative mortality from the litter house and the cumulative mortality from the netting house (7.02 ± 2.62% vs. 7.53 ± 1.17%) (P = 0.38). The body weight and feed conversion ratio were derived from the data collected on a weekly basis. Based on a paired comparison, there were no differences in body weight and feed conversion ratio between the two houses over each season (P > 0.3). The water and feed consumption rates were different among the four seasons, but were the same between the two houses over each season. The difference among the seasons may be caused by the differing thermal environments. The water/feed consumption ratios were not affected by the perforated floor. Zhao et al. (2009) concluded that netting floors with Table 5 . Flock summary of welfare quality assessment scores (mean ± standard error) from broiler houses with two different flooring systems measured over four different seasons (flocks). different materials did not affect production performances. Akpobome and Fanguy (1992) reported broilers raised on wire netting had lower body weights at 6 to 8 wk of age that could be caused by the netting materials. The results indicated that there were no differences between the two houses over the four flocks comparing production parameters showing the perforated floor material and design used in this study were suitable for broilers raised to 6 wk of age.
Bird Welfare Quality Assessment
Bird welfare quality comparisons were conducted weekly on thermal comfort, cleanliness and lesions, avoidance distance test, and gait analysis (Table 5 ). Figure 11 shows there was no difference in the mean percentage of birds panting and huddling behaviors between the two houses over the four flocks (P = 0.44). The micro-thermal environment of the bird can be affected by indoor temperature, RH, and air quality and their spatial distributions in the houses and bird may change behavior to cope with the environment. Birds closer to heaters with raised netting floors were exposed to more radiant heat from heaters when radiant tube heaters were used. The heat distribution on the raised floor was less uniform than the litter floor. The variation of temperature profile on the raised floor was increased with higher temperatures directly under the heaters and lower temperatures at locations further from the heaters. Raised netting floors reduced the housing cross-section area and resulted in increased air speed at the bird level that could increase the windchill effect and promote the heat loss from birds. In addition, the netting floor increased the surface area of birds exposed to air and improved the heat dissipation from lower parts of the body compared to litter floor. Baéza et al. (2015) reported panting behavior in broilers significantly increased from 0 to 26% between 5 to 7 wk of age. In this study, the panting behaviors were relatively stable after 3 wk of age and below 7 and 12% in netting and litter houses, respectively. The thermal behavior observation and thermal environmental data collected in this study suggest that the thermal environment of the netting house was not significantly altered compared to the same management practices in litter house.
Cleanliness scoring showed that the perforated floor system improved the cleanliness of feathers due to the separation of birds from manure or litter (Figure 12 ). Dustbathing and scratching behaviors indicate good welfare in broilers and keep the birds' plumage in healthy condition. During dustbathing and scratching, feathers contact the litter mixed with bedding and fecal materials and can be contaminated by wet materials. Therefore cleanliness reflects good litter and floor conditions. Although there were lower cleanliness scores of the birds in the litter houses, there were no differences in hock and foot pad dermatitis between the two houses over the four flocks (except week 6) ( Figure 13 ). The foot pad dermatitis in the litter house was significantly higher than that in the netting house at the end of each flock (P ≤ 0.05). The low hock burn and footpad dermatitis incidences in the litter house was most likely due to good litter, drinker, and housing environment management (Oloyo, 1991) . Pagazaurtundua and Warriss (2006) compared five different broiler production systems and found that organic operations with litter had the highest foot pad lesions (98%) in contrast to free range (9.6%) and conventional litter system (14.8%) because of different litter or floor management. There are concerns that heavy broilers raised on netting floors are prone to breast blisters, leg disorder, and enlarged feather follicles (Shields and Greger, 2013) . The increasing foot pad and hock lesion scores with bird age in both houses indicated increasing body weight contributed to foot pad and hock lesions when birds spent more time on floors in contact with wet fecal materials (Kjaer et al., 2006; Hepworth et al., 2010) .
The incidence of breast blisters can be caused by pressure, irritation, and friction to the keel and has been shown to be higher when broilers are raised on wire floors (Reed et al., 1966; Andrews et al., 1974) . Studies found that the incidence of breast blisters can be reduced with proper floor materials and types (Akpobome and Fanguy, 1992; Zulkifli and Siti Khatijah, 1998 ). There were a few breast blister cases observed in the netting house in this study, (Figure 14) , which was presumably caused by the hard surface of the netting floor. This primarily was only observed during the summer flock at 6-wk of age. Pereira et al. (2007) reported that broiler breeders spend less time laying on litter to reduce the heat trapped under their body and alleviate the heat stress when temperature increased from 21 to 35
• C. It was observed that broilers spent more time laying on the floor in the netting house than in the litter house because there was air movement in the plenum between manure and the perforated netting floor and thus air movement reduced heat stress of broilers. Increasing contacts between birds and netting floor tended to increase the incidence of breast blisters during the summer flock.
Gait scores are used to indicate walking ability, leg problems, and lameness. The gait scores in this study showed that the perforated floor did not affect the walking ability of the birds (P = 0.24) (Figure 15 ) compared to the walking ability of birds raised in the litter house. The gait scores were higher at 6 wk of age than 5 wk of age with heavier body weight. Fouad et al. (2008) reported that different floor systems changed broiler gait scores and walking ability. Baéza et al. (2015) studied gait scores for broilers at different ages and concluded gait scores significantly increased with bird age. Baéza et al. (2015) showed the percentage of birds with lameness increased from 56% at 49 d of age to 100% at 56 and 63 d of age while less than 20% of birds at 42 d of age or younger had lameness. The perforated floors used in this study were designed for grow outs of 6 to 7 wk and worked well under current management practices up to 6 wk. More research is needed for heavy broilers raised on perforated floors with longer grow out periods.
Avoidance distance testing shows the animal and human relationship (Graml et al., 2008) . Changes in environment and inadequate exposure and contact to humans can cause fearfulness and panic in broilers and lead to increased damage and high mortality during management (Coleman and Hemsworth, 2010; Jones and Boissy, 2011) . Figure 16 shows that more birds could be reached on the litter floor than on the netting floor. It has been noticed that the light intensity in the netting house was higher than that in the litter floor due to light color of the white perforated floors that reflects more light from the lamp and vent boxes and exhaust fans. Zulkifli and Siti Khatijah (1998) reported that lower light intensity reduced the bird activities, fearfulness, and stress from changing environment and humans. In addition, bird age also affects the outcome of avoidance distance test; birds' activities and desire to move significantly dropped after 5 wk of age with increased weight (Bokkers and Koene, 2003) . Based on the paired comparison, avoidance distance test scores of the two houses were similar (P = 0.33) and indicate that the fearfulness and stress levels in both houses were similar.
CONCLUSIONS
A comprehensive field assessment study was conducted to compare a conventional litter broiler house with rice hull bedding with a new netting house with perforated plastic floors. The results showed the following impact on thermal environment, indoor air quality, production performance and bird welfare quality, based on a four-flock test (May to December 2014) in eastern China:
r Indoor temperature and RH were not affected by the different flooring systems while the two houses had the same ventilation configuration and management. r The average NH 3 concentration was lower in the litter house at 10.44 ppm compared to 15.02 ppm in the netting house due to the manure accumulation under the netting floor when the same ventilation strategy was used. r The mean daily NH 3 emission rate was lower for the litter house at 0.71 g/bird-d compared to 0.81 g/bird-d for the netting house. r Broiler production performance were not affected by the difference in flooring systems. r An increase in breast blister incidence was observed in birds raised with the perforated flooring system during the summer. r No differences were observed with hock and foot pad lesions, lameness, fearfulness, and stress levels comparing the flooring systems.
